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SUMMARY 

An investigation has been made t o  study t he  use of various high- 
lift devices on the  horizontal tail of a canard airplane model as a 
means of  increasing  the allowable center-of-gravity  travel. The results 
indicated  that  large  increases  in  allowable  center-of-gravity  travel 
could be obtained i n  this manner. The center-of-gravfty  travel was not 

increased  the t a i l   l i f t - cu rve   s lope  and thereby reduced the   s t ab i l i t y  
of the conf'iguration, In these  cases,  the use of  high-lift  devices 

incidence of the  t a i l  appears t o   o f f e r  a means of obtaining  the maxfmum 
beneficial   effect  of the  high-lif t  device on t he  allowable center-of- 
gravity  travel. 

I always increased, however, for   cases   in  which the  high-lift  device 

8 l inked  to  deflect   automatically  in  proportion  to  increases in angle of 

Some recent  studies made t o  determine t h e  s t a b i l i t y  and control 
characterist ics of canard  designs  have  indicated some advantages  over 
conventional  configurations at transonic and supersonic speede. (For 
example, see ref. 1.) In connection  with  these  general  studies two 
investigations  to determine the low-speed s t a t i c  s tabi l i ty  and- control 
characteristics  of  canard designs have been conducted i n   t h e  Langley 
free-flight  tunnel (refs. 2 and 3 ) .  These investigations  indicated that 
the particular canard  designs  studied had a small allowable center-of- 
gravity range r e l a t ive   t o  that of a more conventional-type  airplane. 

A further  study of the longitudinal  characteristics of canard 
designs indicated  that  the  allowable  center-of-gr&vi%y  travel  could be 
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increased if  the m a x i m  lift ioef&ient of the t a i l  w e r k  Increased t3 
provide  additional trimming parer. Other studies  such ".the theoretfcal  
work of reference 4 have led t o  similar conclusions  but no experimental 
data have  been available  for  verification. An investigatzon w a s  there- 
fore  undertaken t o  study experimentally the use of high-lift  devices on 
the horizontal t a i l  as a means  of ,increasing  the trimming parer of the  
t a i l  and thus increasing the allowable  center-of-gravity  travel of canard 
designs. 

- 

*. 

In this investigation  force tests were made t o  determine the  lo&- 
t u d i m l   s t a b i l i t y  and control  characteristics of a canard'model  having . 
a 45O sweptback w i n g  of aspect ratio 3. The d e l  was tepted with a 
60° triangular horizontal t a i l  and with a 45O sweptback horizontal tail. 
Tests were made w i t h  trailing-edge s p l i t  flaps on each  horizontal  tall.  
The  model was  also tested  with a leading-edge flap on the sweptback tail 
and w i t h  a leading-edge f lap  in combination with a trailing-edge  split 
flap on the sweptback tail. .L 

* -  

SYMBOLS AIVD com1cmNTs . .  . 

A l l  forces and moments are measured about the s t ab i l i t y  ares which 
are defined 
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pitching-mmnt  coefficient,  Pitchinp; mment 
sse 

dynamic pressure, $N2, lb/sq f t  

air density,  slugs/cu f t  

airspeed, f t /sec 

w i n g  mea, sq f t  

wing span, ft 

mean aerodynamic chord of wing, f t  
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a angle of attack of fuselage center l ine,  deg 

it incidence of horizontal  tail,   positive  with  leading edge UP, 
deg 

I 

h distance from center of gravi ty   to   neutral  point, ft 

X distance from aerodynamfc center of wing-melage 
combination to  neutral   point,  ft 

s t a t i c  =gin, - E, chords h 

cLo: = aa ' pe r  deg 

'Da - 
- per deg 

Subscripts: 

t horizontal t a i l  ( t a i l  coefficients based on t a i l  area) 

w f  wing-fuselage  conhination 

A P F ! !  AM) TESTS 

The investigation was conducted i n  the Langley free-flight tunnel. 
A three-view d r a w i n g  of  the model used i n  the investigation is s h a m   i n  
figure 2, and the  physical   characterist ics of the mdel are presented 
i n  table I. The model had a fuselage of circular  cross  section and a 
4 5 O  sweptback w i n g  of NACA 0012 a i r f o i l  sectfon. Two horizontal tails 
having the  same areas (0.15 wing area) but  different plan forms were 
used in  the  investigation. One horizontal t a i l  had a 600 triangulax 
plan form and f la t -plate   a i r foi l   sect ion;  the other had the  same plan 
form and a i r fo i l   sec t ion  as the  wing.  The trailing-edge s p l i t  flaps 
and leading-edge flap used on t he  model are shown i n  figure 2. 

Force tests were made t o  determine the aerdyniunic characterist ics 
of the  model with  the triaagular horizontal tail, with the sweptback 



horizontal tail,  and with  the  horizontal tail r e w e d .  The longitudinal 
characterist ics were determined  with  trailing-edge  split  flaps on each 
horizontal tai l .  The  model was also  tested  with a leading-edge f lap  on 
the  sweptback t a i l  and with a leading-edge f l a p   i n  combination with a 
trailing-edge  flap on the sweptback t a i l .  Tests were made at zero sfde- 
s l i p  Over an  angle-of-attack range f o r  angles of t a i l  incidences  ranging 
from 00 t o  200. 

a 

. .  

.* 
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All the  force tests were made a t  a  dynamic pressure of 3.0 pounds 
per square foot, which corresponds t o  an airspeed of about 34.0 miles 
per hour at standard sea-level cod i t ions  and t o  a Reynolds number of 
approximately 443,000 based on the  wing mean aerodynamic chord of 
1.38 feet. A l l  moment data are referred to a center-of-gravity  posi- 
t i on  of 24.0 percent of the mean aerodynamic chord ahead of the  leading 
edge of the mean aerodynamic chord unless otherwise noted. 

The allowable  center-of-gravity  travel  can  be  define& as the  dis- 
tance, i n  terms of the meas aerodynamic chord of t h e  wing, between the 
forward asd rearward limits of the  center-of-gravity  position. In the 
present  investigation  the forward limit i s  designated 88 the  most for- 
ward center-of-gravity  position a t  which the model can  be trimmed to 

'investigation). The rearward limft is designated as the  mst rearward 
t"33Jl-of f li (approximately 0.9- 

center-of-gravity  position at which the model fs at   least '   neutral ly '  

stable (2 = 4. 
The following equation 

gravity  travel i s  developed 

h 
E 
- =  

fo r  computing the  allowable  center-of- 
in the  appendix: 

(1) 

. .L .. . 

Equation (1) w a s  derived by neglecting downwash and interference 
effects between the t a i l  and wing-fuselage  codIination and  by asswning  
linear  v-miations of a l l  the  factors involved. The use of isolated 
t a i l  and wing data in equation (1) requires  correction  for darnwash  and . .  ." 
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interference  effects if  reasonable  accuracy is  expected in the  pre- 
dicted  values of the allowable  center-of-Gavity  travel. 

An examination of  equation (1) shows that the allowable center-of- 
gravity  travel  increases with an increase i n  the maximum normal-force 
coefficient of the t a i l  o r  a.decrease in the  slope of the normal-force- 
coefficient  curve of the tail. Any increase in the  mirum normal- 
force  coefficient of the wing o r  decrease i n  slope of the normal-force- 
coefficient  curve of the wing would, of course,  decrease  the allawable 
center-of-gravity  travel if trim a t  a higher lift coefficient i s  desired. 

If the use of a high-lift  device on the t a i l  increases  the slope 
of the  normal-force-coefficient  curve of the t a i l  as well  as  the 
normal-force coefficient,  then the Elllowable center-of-gravity  travel 
may be  increased o r  decreased or may remain unchanged dependlng upon the 
magnitude of C&- and Qw. In such  cases, the use of high-lif t  
devices on the horizontal t a i l  which are linked to  deflect  automatically 
i n  proportion t o  increases in angle of incidence of  the t a i l  (angle of 
horizontal t a i l  with respect t o  longitudinal axis of fuselage)  appems 

. t o  offer a means of increasing the allowable center-of-gravity  travel. 
In this manner, a forward s h i f t  in the  f o m d  l imit  of the center of 
gravity i s  obtained  while the r e m d  limit remains €n the same posi- 
t ion  as  that of the  basic  configuration. 

Basic Aerodynamic Data 

The aerodymdx  characteristfcs of the model w i t h  the horizontal 
t a i l  off and with either the triangular tail or  the sweptback tail on 
are  presented  in  f igure 3. These data show tha t   the  wing-fuselage com- 
bination had a maximum lift coefficient of approximately 0.95. The 
model had a slightly higher maximum lift coefficient and @eater s t a t i c  
longi tudinal   s tabi l i ty  -&M/&!L with  the triangular t a i l  than w i t h  the 
sweptback tail. Both configurations had a maxirmlm trfm lift coefficient 
of  about 0.7 with the center of gravity  located 0.24 mein aerodynamic 
chord ahead of the leading edge of the mean aerodynamic chord and shared 
similar trends i n  the pitching-moment characterist ics.  That is, a t  low 
lift coefficients an increase  in  incidence of the t a i l  gave a positive 
increment t o  the pitching-moment coefficient with l i t t l e  change in   s ta -  
b i l i t y .  In the higher  lift-coefficient range, howev?, an fncrease i n  
angle of incidence caused the   hor izonta l   t a i l  t o  stall, whFch resulted 
i n  a loss of control  effectiveness and i n  an increase i n  s t a b i l i t y  of 
the model. 



6 

The aerodynamic characteristics of the mdel w i t h  sp l i t   f l aps  
added t o   t h e  triangular t a i l  and t o   t h e  sweptback t a i l  me presented i n  
figure 4. These data show an increase  in maximum t r i m  lift coefficient 
of  both  configurations t o  0.9 and l i t t l e  change in s tab i l i ty   o r  maximum 
lift coefficient over the basic  configuration. ? 

6 

The aerodynamic characteristics of the model with the sweptback - 

t a i l  having a leading-edge f lap  and  a leading-edge f l a p   i n  confbination 
with a trailing-edge  flap &re presented in figure 5. The addition of 
the  leading-edge flap t o  the  t a i l  produced about the same maximum trim 
lift coefffcient of the model as the spl i t - f lap arrangemerit but reduced 
the   s tab i l i ty  of the model. The conbination flaps increased  the maximum 
t r i m  l i f t  coeff ic ient   to  1.1 but produced a greater  decrease  in sta- 
b i l i ty   than  the  leading-edge flap. 

. .. 

" 

Effect of T a i l  Configuration on the Allowable 

Center-of-Gravity  Travel 

In ofder t o  deteimine t h e   & l l m b l e  center-of-gravity  travel  for 
each of the  configurations tested, the aerodynamic data of figures 3, 4, 
and 5 were t ransferred  to  the most forward  center-of-gravity  position 
a t  which the model could  be trimmed t o  l i f t  coefficient of.O.9. These 
data,  presented in   f igure 6, include  the pitching-moment c w e  for 
Oo incidence and also  the curve for   the angle of incidence'for which 
maximum t r i m  l i f t  coefficient w a s  obtained for each  configuration. 
Included w i t h  the data  for  the  flap-on  configurations i s  the pitcBlng- 
moment curve fo r  0' incidence fo r  the flap-off  configuratfon so tha t  
the  effect  of flap  deflection on the   s tab i l i ty  of the model can be seen 
direct ly  from figure 6. The allowable center-of-gravity  travel can  be" 
determfned from figure 6 by measuring the slope of the pitching-moment 
curves for 0' incidence  since this slope  represents the dis tance  in  mean 
aerodynamic chords between the most forward center-of-gravity  position 
and the neutral  point (most rearward  center-ofegravity  positfon), 

In the  following  discussion,  the  effect of flaps on the allowable 
center-of-gravity  travel is considered w i t h  the  flaps  fully  deflected 
for  a l l  angles of incidence  of the horizontal t a i l  and, also, with the 
f laps  linked to  deflect  automatically  in  proportion  to  increasea  in 
angle of incidence of the tail. For the  linlred-flap-defle~tion  case, 
the forward  center-of-gravity  position is obtained from the  f lap- 
extended  data,  while the rearward position is  obtained from the  flap- 
retracted  data. No experimental  data were obtained for   the  intermediate 
flap  deflections which  would be required with the  intermediate tail 
incidence fo r  a linked  flap arrangement. It is assumed, however, that . 
the intermediate  flap  settings and t a i l  incidences would provide a 
gradual change between the pitching  characteristics for the  flap-retracted 

." 
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and flap-extended  cases  presented in   f igure  6. A.s previously mentioned, 
when the  addition of a f lap  has no effect  on the slope of  the normal- 
force-coefficient  curve of  the ta i l  there is no advantage i n  having the 
linked  flap. 

In order t o  provide  information which w o u l d  be helpful in inter-  
preting  the  data of  f igure 6, the normal-force coefficients f o r  each 
t a i l  configuration w e r e  determined from the fncremental pitching-moment 
data of  ffgures 3 t o  5 and are  presented  in  figure 7. A summary plot 
showing the  allowable  center-of-mavity  travel  as w e l l  as the  most fo r -  
w a r d  and mast reammd center-of-gravity  positions is presented i n  
figure 8. 

Flaps retracted.- The data of figure 8 show tha t  the madel w i t h  
triangular t a i l ' h a d  0.10E allowable  center-of-gravity  travel, w h e r e a s  
the model w i t h  the sweptback t a i l  had only  0.04-E allowable  center-of- 
gravity  travel. This difference can  be a t t r ibu ted   to   the   fac t  that the 
triangular tail has both a lower slope of  the normal-force-coefficient 
curve and a higher maxim normal-force coefficient. The increase In 
maximum normal-force coefficient of the triangular t a i l  gave  a mre f o r -  
ward limit of the  allowable  center-of-gravity  travel and the decrease 
in   s lope of the normal-force-coefficient  curve of the triangular tail 
gave  a more rearward limit of the allowable center-of-gravity  travel. 

Trailing-edge s p l i t  f laps extended.- The addition of trailing-edge 
split flaps t o  the horizontal tail increased  the allowable center-of- 
gravity  travel t o  0.18~ for   the triangular-tail configuration and t o  
O.l& f o r  the  sweptback-tail  configuration.  Since  the  addition of the 
split flaps  increased the maximum normal-force coefficient  without 
changing the slope o f  the normal-force-coefficient.  curve of the t a i l s  
( f ig .  7 ) ,  the  allowable  center-of-gravity  travel w a s  increased  because 
the forward lhit.was shif ted t o  a m r e  forward station, whereas the 
rearward limit r-ined the same as t ha t  df the  basic  configuration. 
The use of linked flaps  in  these  cases  provided little o r  no improvement 
in the  allowable  center-of-gravity  travel. 

Leading-edge f l ap  extended.- The addition of a leading-edge f lap  
t o  the sweptback ta i l  increased the allowable  center-of-gravity  travel 
of the model t o  0.05E. The data of figure 8 show that the rearward 
limit as well as the forward limit of the allowable center-of-gravity 
t rave l  was shif ted  to  a more forward s ta t ion  on the model. This forward 
shift  i n   t he  allowable  center-of-gravity  range  results from the   fac t  
that the leading-edge flap  increased the slope of the normal-force- 
coefficient  curve as well as the mxflmnn normal-force coefficient 
(fig.  7). The use of a linked leading-edge flap would r e su l t   , i n  an 
increase  in the allowable  center-of-gravity  travel  to 0.16E. 



In  the present  investigation, a relatively  large leading-edge f l ap  
was used i n  &n effor t   to   obtain a high maximum normal-force coefficient 
of the tail .  T h i s  flap, however, resu l ted   in  an increasesin  the  slope 
of the normal-force-coefficient  curve as w e l l  as the maximum normal- 
force  coefficient. The use of a leading-edge f l ap  which  would provide 
no increase  in  slope of the t a i l  aormal"force-coefficient curve would 
probably  give a gra te r  allowable center-of-gravity  travel  than  the  flap 
used even though it might provide a lower maximum ta i l  normal-force . . 

coefficient. 

Leading-edge and trail ing-edge  spli t   f laps extended.-; The use of a 
leading-edge f lap  and a t ra i l ing-edge   sp l i t   f l ap   in  conibination on the  
sweptback ta i l  increased the allowable  center-of-gravity  travel  to 0.1E. 
The data of  figure 7 show that these flaps gave the  largest  value of the 
maximum normal-force coefficient of t h e   t a i l  and, as in   the   case  of the  
leading-edge flap alone,  increased  the  slope of the  normal-force- 
coefficient  curve of the tail. As a resu l t  of the  high maximum normal- 
force  coefficient, the  forward limit of the  allowable  center-of-gravity 
t rave l  was shifted t o  a more forward s ta t ion  on the model thm w a s  
obtained w i t h  any of the other  configurations. The rearward limit was 
also shif ted forward so that the mer-all increase  in the  allmable 
center-of-gravity  travel was not very  great. The use of linked flaps 
would result in  an increase i n  the allbwable center-of-gravity  travel 
of 0.24E. 

.-  

It appears that the use of high-lif t   devices  mre powerful ,than 
those -of the present  investigation  offers  greater  possibilities  for 
increasing the dllowable  center-of-gravity  travel of a canard  design. 
High-lift  devices such as the  double-slotted  flap  or  the Fowler f l ap  
or  combinations of these  trailing-edge  flaps  with leading-edge f laps  
should  increase  the maximum normal-force coefficient of the t a i l  t o  2.0 
or even higher, i n  which case the allowable  center-of-gravity  travel 
of the canard design would probably be increased t o  values much higher 
than  those shown i n  the present report. 

Comparison  of Measured and Predicted  Values of the 

Allowable C e n t e r - O f  -Gravity  Travel ' 
. .  

.. . 
" 

The allowable  center-of-gravity  travel  for the conffgurations of 
the model investigated w e r e  calculated from equation (1). For these 
calculations, the normal-force-coefficient  curves  for  the sweptback . 
horizontal tai l ,  with and without the leading-edge flap,  were obtained 

r 

from  unpublished force tests f n  the Langley free-fl ight tunnel. The 
increment of normal-force coefficient  resulting from deflecting a 
t ra i l ing-edge  spl i t   f lap  on, this  t a i l  was estimated from the  higher- 
scale tests of  reference 5. The normal-force-coefficient  curve  for  the / . -  
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triangular tail was obtained from t e s t s  i n  the Langley free-flight tun- 
nel of a plan form geometrically similar t o  that of the t a i l  used on the . 
model (ref. 6). The increment of normal-force coefficient resulting 
from deflecting a trailing-edge split f l ap  on this t a i l  w a s  estimated 
from the  higher-scale tests of reference 7. 

The resul ts  of these calculations and the  parmeters used i n  making 
the calculations are presented  along  with the measured results in   f fg-  
ure 9 and table 11. The results of f igure 9 indicate that the maximum 
normal-force coefficients measured from the  model force  tes ts  of  this 
report are generally smaller than  those  obtained from tests of isolated 
surfaces. The measured  and predicted slopes of the  normal-force-. 
coefficient curves are i n  good agreement except f o r  the leading-edge 
flap  configurations, which have higher measured values'than estimated 
values. The difference between the m e a s u r e d  and predicted mrsximum 
normal-force coefficients and slopes of the normal-force-coefficient 
curves is a t t r ibu ted   to  downwash and t o  interference  effects between 
t h e   t a i l  and wing-fuselage  conibination.  For instance, the gap between 
the   hor izonta l   t a i l  and fuselage  could  be a factor  which grea t ly   a l te rs  
the  predicted  characteristics of t he   t a i l .  Because of these differ- 
ences, the values of the allowable center-of-gravity  travel as deter- 
mined from equation ( 1) are much larger than  those measured f r o m  the 
model data of t h i s  report. It appears f r o m  these resu l t s  that accurate 
estimation of the  center-of-gravity  travel is impossible a t  the present 
time  because of the   d i f f icu l t ies  involved i n  accounting f o r  the downwash 
and interference  effects. Further work is necessary,  therefore, t o  
Betermine these  effects  before use of isolated-tail   data can be made t o  
predict  the  allawable  center-of  -gravity  travel. 

CONCLUDING REWSKS 

The following  conclusions w e r e  drawn f r o m t h e  resu l t s  of the 
investigation  to  study the use of  various high-lift devices on the 
horizontal t a i l  of  .a canard airplane model as a means of  increasing 
the  allowable  center-of  -gravity  travel. 

1. The addition of high-lift devices t o  the horizontal t a i l  con- 
siderably  increased  the allowable center-of-gravity  travel  because of 
increased trimming parer of the tail. 

2. The  center-of-gravity  travel w a s  not a l w a y s  increased,  hmever, 
f o r  cases  in which the high-l i f t  device  increased the ta i l  l if t-curve 
slope and thereby reduced the s t a b i l i t y  of the configuration. 

3. When the   s t ab i l i t y  of a model was reduced by the  addition of 
high-lif t   devices  to  the  horizontal   tai l ,   the  use of high-lift  devices 
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linked to deflec? automatically in proportion to =,increase in angle 
of incidence of''f&e tail appeared to offer a m e a m  of,obtaining the 0 

maximum beneficial effect of these high-lift  devices on the allowable. 
center-of-gravity  travel. - 

I. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley  Field, Va. " 
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DERIVATIOR OF AN EXPRESSIQR FOR -ING THE A.LLOWABI;p, 

CHITER-OF-GRAVITY TRAVEL OF A 0 DESIGN 

A qml i t a t ive  est'imation of t he  longitudinal s t a b i l l t y  of a canard 
design can be made Etnalyticslly by considering  the  relation between the  
l i f t  and drag forces of t h e   t a i l  and those of the wing-fuselage conibi- 
nat ion  as   i l lust rated In the  following sketch: 

Assuming that the  center of gravity is in  the 'horizontal   plane of 
the  aerodpmdc  centers of the wing and tail, an expression for t he  
longi tudinal   s tabi l i ty  of the  configuration can be writ ten as follows: 

or 

2 + h st = "Nwf x "- " 

aa E S  a a E  

An equation can also be writ ten f o r  the  re la t ion of the normal- ' 

force  coefficients of the  wing and t a i l   f o r  trim 
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Solving equations (Al) and (A2) simultaneously to eliminate 
gives the following emression for the allowable center-of-gravity 
travel: 
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TABU I.- DIMENSIONAL CHARACTERISTICS OF CANARD MODEL TESTED 

IN THE LANGLEY ?TRE&FLIGEEL' 'IXNNF, L 

Wing: 
Airfoil  section . . . . . . . . . . . . . . . . . . . . . . .  mACA 0012 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . .  j .  . . . . 5.33 
Aspect r a t i o  ........................... 3.00 
Incidence. deg ........................... 1 - 0  .. 

Dihedral. deg . . . . . . . . . . . . . . . . . . . . . .  ' . . . .  0 
Taper r a t io  0.5 
M e a n  aerodynamic  chord. f t  . . . . . . . . . . . . . . . . . . . .  1.383 
Rootchord. ft . . . . . . . . . . . . . . . . . . . . . . . .  1.77 

span. ft . . . . . .  . . . . . . . . . . . . . . . . . . ' . . . .  4.00 

. -  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback. leading edge. deg . . . . . . . . . . . . . . . . .  - 4 5  

Tip  vertical  tails; 
Area. sq f't ( 2   t a i l s )  . . . . . . . . . . . . . . . . . . . . .  0.533 
span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.63 
Root  chord. ft . . . . . . . . . . . . . . . . . . . . . . . .  0.562 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  : 1.49 

Center ver t ica l   t a f l :  
Area. s q f t  . . . . . . . . . . .  
span. ft . . . . . . . . . . . .  
Root  chord. . . . . . . . . . . .  
Taper r a t io  . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . .  

Eorizontsl t a i l  (triangular) : 
Airfoil  section . . . . . . . . .  
Area. .. f t  . . . . . . . . . . . .  
Sweepback. leading edge. deg . . Span. f t  . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . .  
Split  flap.  deflected. deg . . .  

Chord. percent of root chord of 

. . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  

. . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  
t a i l  . . . . . . . .  , . 

.... 0.272 . . .  0.73 . . .  

Flat plate  . . .  0.800 . . .  1.36 . . .  60 . . .  2.31 . . .  30 . . .  15 v 

-a . 

. 

.. 
L 



IN THE LAWGDY FREE-FLIGED' TIINKEL - Concluded 

Horizontal t a i l  (sweptback) : 
Airfoil section . . . . . . . . . . . . . . . . . . . . . .  NACA 0012 
A r e a , s q f t . . .  . . . . . . . . . . . . . . .  . . . . . . . . o . ~ W  
Span ,Ft  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-54 
Sweepback, leading edge, deg . . . . . . . . . . . . . . . . .  45 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  2-97 
S p l i t  flap, deflected, deg . . . . . . . . . . . . . . . . . .  60 

Leading-edge flap, deflected, deg . . . . . . . . . . . . . . .  65 
Chord, percent of chord of tail . . . . . . . . . . . . . . .  20 

Chora, percent  of  chord of tail . . . . . . . . . . . . . . . .  17 
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Figure 1.- The s t a b i l i t y  system of axes. Arrows indicate  positive 
directions of moments, forces, and angles. T h i s  system of axes i s  
defined  as an orthogonal system having  the origin at  the  center of 
gravity and i n  which the  Z-axis is i n  the  plane of symmetry  and 
perpendicular t o  the relative wind,  the X-axis i s  in  the  plane of 
symmetry and perpendicular t o  the Z-axis, and the Y-axis is perpen- 
dicular  to  the  plane of symmetry. A t  a constant  angle of  attack, 
these axes are  fixed in  the  airplane. 
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Figure 2.- Three-view drawing of canard model used in the  investigation 
i n  the Langley free-flight tunnel. A l l  dimensions  axe in inches. 
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Figure 3. -  Aerodynamic  characteristics of the canard model used in the 
investigation. Flaps retracted. Center of gravity, 0.247: ahead of 
leading edge of E .  

.. . . .. 
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Figure 4.- Aerodynamic characteristics of the can& model used in the 
jnvestigatlm. Trail*-edge spl i t  flsps extended. Center of 
gxavity, O .@tE ahead of leading edge of c. 
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Figure 5.- Aemdynmlc characteristics of the canard model used in the 
Investigation. Leadbg-eage flap or combination of leading-cage and 
trailing-edge flaps extended. Center of gravity, 0 . W  ahead of 
leading edge of E. 
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Figure 6.- Longitudinal  atability  charactefistics of the canard model 
used in the inveatigatlon. 
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Figure 7.- Normal-force coefflciente of t h e  triangular and sveptbeck 
horieontal tail. 
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Figure 8.- Summary plot of the allowable  center-of-gravity  travel for 
the canard model w i t h  the  various horizontal-tail configurations. - . .. 
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F i g u r e  9.- Comparison o f  predicted and  measured n o d - f o r c e  coefficients, 
slopes o f . t h e  normal-force-coefficient curves, and allowable center-of- 
gravity travels. 
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